OBJECTIVES: Transposition of the great arteries (TGA) and left ventricular outflow tract obstruction (LVOTO) with or without ventricular septal defect have multiple surgical treatment options. We sought to identify pre-and intraoperative factors that determine the timing of repair, procedure type and subsequent LVOT outcome.
INTRODUCTION
Surgical decision-making and management of patients with D-transposition of the great arteries (TGA) and left ventricular outflow tract obstruction (LVOTO) with or without ventricular septal defect (VSD) who are not amenable to standard arterial switch operation (ASO) have been a significant challenge. ASO with LVOT muscle resection may offer an immediate anatomical correction of the great arteries with a normally aligned LVOT; however, there is a considerable risk of reintervention for the LVOT and neoaortic valve if the mechanism of LVOTO is complex [1, 2] . This entity has been largely treated with the Rastelli operation with reasonable early survival [3, 4] . Nevertheless, a long tortuous LVOT as a result of an intraventricular baffle is associated with high rates of late LVOTO and reintervention, and subsequent poor late survival [3] . Reparation a l'etage ventriculaire (REV) [5, 6] , which involves extensive resection of the infundibular septum, appears to have a lower LVOT reintervention rate; however, the rate of LVOT reintervention with those modifications is still substantially high in the recent series [7] . An alternative approach, the Nikaidoh procedure or aortic translocation, offers a more anatomically aligned LVOT [8, 9] , but it requires extensive mobilization of the aortic root and the long-term outcome of this procedure is still uncertain.
Given the poor long-term outcome of the Rastelli operation, our institutional strategy has shifted to aim for an anatomically normal-shaped LVOT. ASO with LVOT muscle resection is our preferred strategy as long as the mechanism of LVOTO is relatively simple and the quality of the pulmonary valve (PV) is appropriate for the neoaortic valve. Nevertheless, recurrent LVOTO after ASO and LVOT muscle resection is not uncommon [1, 2] , indicating a potential room for errors in judgment in deciding the optimal procedure. The Nikaidoh procedure, which results in a straighter LVOT than the Rastelli operation, is the second strategy of choice if ASO is absolutely not feasible. However, it became increasingly evident that the Nikaidoh procedure, particularly the mobilization of the aortic root with coronary arteries, is not always feasible due to various anatomical factors.
LVOTO in the TGA is commonly caused by the posteriorly deviated infundibular septum, but the mechanism of LVOTO can be multifactorial, with various combinations of PV dysplasia, tissue tags, fibromuscular ridge and abnormal chordal attachment from the atrioventricular valves [10] [11] [12] . We hypothesized that the complexity of LVOTO, i.e. involvement in multiple anatomical factors causing LVOTO, might be correlated with the procedure we have chosen and subsequent LVOT outcome. In this study, we developed the LVOTO complexity score, which incorporated LVOT anatomy and physiology based on preoperative echocardiograms. The study analysed whether the LVOT complexity score correlated with the subsequent procedure and LVOT outcome. We also performed a descriptive analysis of the anatomical characteristics that had impacts on subsequent surgical decision-making among the patients who underwent a non-ASO repair.
MATERIALS AND METHODS
The Research Ethics Board at the Hospital for Sick Children approved this retrospective study and patient consent was waived. From January 2000 to January 2012, 340 infants with TGA with or without VSD underwent surgical repair. Twenty-eight (8.2%) patients who had significant LVOTO and underwent ASO with LVOT muscle resection or non-ASO repair were included in the study. Patients with TGA with a mild degree of LVOTO ( peak pressure gradient <20 mmHg) who primarily underwent ASO without an LVOT procedure were excluded from this study. Patients with Taussig-Bing anomaly and aortic arch obstruction were also excluded. Patient profile is summarized in Table 1 .
Surgical decision-making
The institutional decision-making algorism is shown in Fig. 1 . The first discussion on management strategy is held at the multidisciplinary conference when a neonate with TGA and LVOTO is born. Echocardiographic evaluation focuses on the nature of LVOTO, quality and size of PV, coronary artery anatomy and the presence or absence of anomalous chordal attachment of atrioventricular valves including the straddling. The feasibility of neonatal (within 14 days of age) or early infantile (6-8 weeks of age) ASO and LVOT resection is determined. ASO and LVOT resection is performed within 14 days of age if the mechanism of LVOTO is relatively simple. Otherwise, ASO and LVOT muscle resection is electively performed at 6-8 weeks of age. The patients who are deemed to be unsuitable for early ASO and LVOT muscle resection are kept in the hospital until the necessity of additional pulmonary blood source, i.e. a modified Blalock-Taussig (BT) shunt or ductal stenting, is determined. Detailed coronary anatomy is inspected in the operating room if a patient undergoes BT shunt placement for planning the type of definitive repair. Non-ASO repair is electively performed at 4-6 months of age. The critical decision is mainly made by the intraoperative inspection including the mode of LVOTO, quality of PV and coronary artery arrangement. The possibility of late ASO and LVOT muscle resection is once again examined intraoperatively before moving on to non-ASO repair.
Operative techniques
ASO with LVOT muscle resection. ASO was performed with a standard technique with mild hypothermic cardiopulmonary bypass (CPB) as described elsewhere [13] . The anteriorly located aorta and the main PA were transected, and the right atrium was opened. An LVOT was inspected both via PV and VSD. The PV was inspected to make sure that the size and quality are appropriate as a neoaortic valve. The LVOT muscle was resected mainly through Nikaidoh procedure. After median sternotomy, the coronary artery pattern was inspected to determine the feasibility of aortic translocation. The aortic root was transected above the sinotubular junction, and the aortic root and the proximal coronary arteries were completely mobilized as described elsewhere [8, 9] . The right coronary artery (RCA) button was detached if necessary. The stenotic PV annulus and the infundibular septum were vertically divided anteriorly, and the additional posteriorly deviated infundibular septal muscle was resected. VSD was closed typically with a polytetrafluoroethylene patch (Gore-Tex, WL Gore and Associates, Inc., Newark, DE, USA). The Nikaidoh procedure for TGA with an intact ventricle septum (IVS) was achieved by making a Konno incision into the infundibular septum, creating a VSD, and the VSD closed with a Dacron patch (n = 1). Double root translocation was performed only if the PV had a reasonable quality (n = 1). The harvested aortic root was anastomosed to the LVOT. The anterior aspect of the aortic root was anastomosed to the VSD patch. The detached right coronary button was then anastomosed to the translocated aortic root if it was detached. The right ventricular outflow tract (RVOT) was reconstructed either with a pulmonary homograft, a Contegra conduit (Medtronic, Inc., Minneapolis, MN, USA), or with a pulmonary autograft (n = 1).
Rastelli operation. The Rastelli procedure was chosen only if the Nikaidoh procedure was deemed to be unfeasible. The procedure was done in the standard manner as described, [14] with a few minor modifications. The posteriorly located PA was divided and the proximal main PA and the PV oversewn. A vertical right ventriculotomy was made with care paid not to injure the major coronary branches. The VSD was inspected through ventriculotomy and enlarged if necessary. A longitudinally opened 10-mm polytetrafluoroethylene vascular graft was used as a baffle, making an intracardiac tunnel. The distal central PA was transversely opened and enlarged with a fresh autologous pericardial patch. The distal anastomosis between the enlarged central PA and the conduit was performed. The proximal anastomosis between the conduit and the RVOT was then achieved.
LVOT complexity score
Original echocardiographic images were evaluated by echocardiographic investigators (T.B. and L.M.) who were blinded to the echocardiographic reports and clinical outcomes. The anatomical components that were evaluated included the presence or absence of double outlet right ventricle (DORV), degree of PV dysplasia/hypoplasia and posterior deviation of the infundibular septum, and the degree of obstruction caused by left ventricular infundibular fold (VIF), fibromuscular ridge, tissue tags, septal hypertrophy (septal bulge) or abnormal chordal attachment of the atrioventricular valves (Table 2 ). PV and LVOT z-scores and peak pressure gradient across the LVOT were also taken into consideration. Each component was scored according to the degree of contribution to LVOTO: none = 0, present but not obstructive = 0.1, mild = 0.33, moderate = 0.66 and severe = 1. The presence of bicuspid PV and DORV was scored as 0.33. The PV complexity score was calculated as a sum of PV anatomical factors, including bicuspid PV, degree of dysplasia and PV z-score. The LVOT complexity score was calculated as a sum of all anatomical and physiological scores. The total LVOT complexity score is 10.66.
Statistical analysis
The level of statistical significance was set at P ≤ 0.05. The LVOT complexity score and other individual anatomical factors were first compared between two groups, i.e. early ASO vs late repair, and also compared among three procedure groups, i.e. the ASO group including early and late ASO, the Nikaidoh group, and Correlations between z-scores and complexity scores were analysed using Spearman's correlation. Statistical analysis was performed using the SPSS version 21.0 (IBM Corporation, Armonk, NY, USA) statistical software.
RESULTS
Patient characteristics were summarized in Table 1 . All but one patient had a VSD. Five (18%) patients had DORV. Four (14%) patients had a single coronary artery system and 4 had the RCA crossing the across RVOT. One patient had a small RV and tricuspid with the z-score of -3.
Mechanism of LVOTO
The various mechanism of LVOT was shown in Fig. 2 . The majority (71%) of the patients had more than one anatomical components of LVOTO (Table 3 ). The most common primary mechanism of LVOTO was the posterior deviation of the infundibular septum (n = 16, 57%) followed by PV dysplasia (n = 6, 21%). One-third (33%) of the patients had moderate or severe PV dysplasia. Significant posterior deviation of the infundibular septum was found in two-third (57%) of the patients. The left VIF was often present (54%), but rarely caused significant LVOT (7%). The presence of fibromuscular ring, tissue tags and abnormal tension apparatus was rare (20% or less), but they tended to cause significant LVOTO if present.
Decision-making and subsequent procedures
Neonatal or early infantile ASO and LVOT muscle resection. Nine (32%) patients were triaged to neonatal or early infantile ASO and LVOT muscle resection, of whom 2 underwent neonatal ASO and LVOT muscle resection ( Fig. 1 ). Three (33%) patients had a bicuspid PV, but all had no (n = 4), or mild PV, dysplasia. Median PV and LVOT z-scores were −2.6 (−5.6 to 2.3) and −2.8 (−9.5 to 2.3), respectively. Median CPB and aortic cross-clamp (AoX) times were 144 (118-194) and 144 (90-190) min, respectively. The postoperative peak LVOT pressure gradient was 6.3 ± 7.7 mmHg. Four (44%) patients had a complete laminar flow through LVOT (no pressure gradient).
Intraoperative evaluation and subsequent procedures.
Nineteen (68%) patients underwent repair at 4-10 months of age, of whom 9 had previously undergone neonatal palliation to increase pulmonary blood flow. Three (15%) patients underwent late ASO with LVOT muscle resection. All 3 patients had two or three mechanisms of LVOTO, and the main mechanism was the posterior deviation of the infundibular septum in 2 patients, and tissue tag in 1. Two patients had a mildly dysplastic bicuspid PV and 1 had a moderately dysplastic trileaflet PV. The PV z-scores of 3 patients were −1, −1.5 and −2.6, respectively. Median CPB and AoX time were 186 (139-254) and 154 (131-181) min, respectively. The postoperative peak LVOT pressure gradient was 8.3 ± 11 mmHg for 2 patients who had no pressure gradient. Eight (42%) of the 19 patients underwent the Nikaidoh procedure. The coronary artery patterns by the Leiden classification were 1LCX-2R in 6 patients, and 1L-2RCx in 2. All but 1 patient had more than two mechanisms of LVOTO, and the main mechanism was the posterior deviation of the infundibular septum in 6 patients, PV dysplasia/hypoplasia in 1 and fibromuscular ridge in 1. One patient with TGA/IVS successfully underwent the Nikaidoh procedure in combination with Konno incision into the infundibular septum. The patient who had small RV and tricuspid valve underwent the Nikaidoh procedure with no significant haemodynamic problems. One patient required repair of the left circumflex artery for mechanical injury. Median CPB and AoX time were 189 (119-253) and 159 (109-239) min, respectively. No pressure gradient was noted through the LVOT in any of the patients postoperatively. The remaining 8 (42%) patients were deemed unsuitable for either ASO or the Nikaidoh procedure. Six (30%) patients underwent the Rastelli operation after the Nikaidoh procedure had been precluded by the coronary artery arrangement. No patient was precluded from the Nikaidoh procedure due to the mode of LVOTO. The coronary artery arrangements that precluded the Nikaidoh procedure are shown in Fig. 3 . The Nikaidoh procedure was abandoned in 3 patients because they had a single coronary system (2RCx with absent left anterior descending coronary artery [LAD], 1RLCx, 2RLCx, respectively). The Nikaidoh procedure was also abandoned in 2 having because of the difficulty in mobilizing the RCA in order to translocate the aortic root without tension on the RCA. One patient had a normal coronary artery arrangement, 1RL-2Cx; however, the LAD ran parallel to the aortic root for some distance, making harvesting of the aortic root without jeopardizing LAD and the first septal branch difficult. The coronary arrangement also seemed to be at risk of LAD injury at conduit exchange. The Nikaidoh procedure was subsequently abandoned. The Rastelli operation was performed with the median CPB and AoX time of 130 (108-190) and 118 (86-140) min, respectively. The VSD was enlarged in all 6 patients. RVOT reconstruction was achieved with a Contegra conduit in 5 patients and with the REV-type reconstruction using a monocusp patch in 1. There was no pressure gradient through LVOT in any of the patients.
Two (10%) patients were triaged to single-ventricle palliation after intraoperative inspection. One patient had intramural LAD coming off sinus 2, which made complete mobilization of the aortic root difficult. The essential chordae of the mitral valve also attached to the LVOT, which was not resectable. The mitral abnormal chordae ran along the anterior rim of the VSD as well, making VSD enlargement without damaging the conduction system difficult. Additionally, there was a large conal branch coming off the RCA, supplying a large part of the anterior wall, which had sacrificed when placing the RV-PA conduit in the Rastelli operation. 
CONGENITAL
. The other patient had a normal coronary artery arrangement; however, there were essential functional chordae of the mitral valve attaching the crest of the infundibular septum (Fig. 2) . It seemed unresectable when conducting the Nikaidoh procedure. The chordal attachment to the anterior rim of the VSD also made VSD enlargement difficult. Therefore, this patient subsequently underwent single-ventricle palliation.
Factors associated with early ASO and LVOT resection vs late repair
The patients who underwent ASO and LVOT muscle resection in the neonatal period or <8 weeks (early ASO group) had a significantly lower PV complexity score (0.42 ± 0.22 vs 0.96 ± 0.55, P = 0.007) and lower tissue tag score (0.03 ± 0.15 vs 0.26 ± 0.34, P = 0.018). There was a trend towards higher PV z-score in the early ASO group (−2.2 ± 2.3 vs −3.7 ± 2.2, P = 0.09). As a whole, the LVOT complexity score was significantly lower in the early ASO group compared with the late repair group (2.11 ± 0.86 vs 3.2 ± 0.96, P = 0.006; Fig. 4A ). There was no difference in the degree of posterior deviation (P = 0.59), LVOT z-score (P = 0.27) and the number of LVOTO mechanisms (P = 0.67).
Factors associated with subsequent procedures
The complexity score among the surgical procedures is summarized in Table 4 . There was a trend towards a higher PV z-score in the ASO group (early and late ASO) compared with other groups (P = 0.059). The PV complexity score was significantly higher in the Nikaidoh group compared with ASO groups (P = 0.013; Table 4 ). The tissue tag score was significantly lower in ASO groups compared with other groups (P = 0.021). The LVOT complexity score in the Nikaidoh group was significantly higher than in the ASO group (P = 0.019), but was not different from that in the Rastelli/SV group (P = 0.2; Fig. 4B ).
There was a significant correlation between the LVOT complexity score and PV complexity score (r = 0.61, P = 0.0001), PV z-score (r = −0.533, P = 0.003) and LVOT z-score (r = −0.74, P = 0.0001). There was no correlation between PV and LVOT z-scores (r = 0.31, P = 0.1), or PV complexity score and LVOT z-score (r = −0.185, P = 0.33).
Clinical outcome
There was no hospital mortality. Two of 14 (14%) patients who had Nikaidoh or Rastelli had complete heart block requiring permanent pacemaker implantation. The follow-up was complete in all patients. The median follow-up period was 65 (4-153) months. There was 1 (3%) late death: a sudden death at home 2 months after surgery with unknown aetiology. One patient who underwent late ASO and LVOT muscle resection required reoperation 16 months following the initial operation. Redo LVOT muscle resection was achieved with the peak pressure gradient of 10 mmHg postoperatively. One patient required RVOT stent placement 10 months following repair. At the latest follow-up, the peak LVOT pressure gradients were as follows: early ASO group, 4 ± 9 mmHg [no gradient in 6 (66%) patients]; last ASO group, 17 ± 19 
DISCUSSION
This study analysed the anatomical factors that influenced surgical decision-making and subsequent procedures and clinical outcomes in patients with TGA and LVOTO. The data analysed were based on the patients who had been treated with our consistent surgical strategy aiming for an anatomically aligned LVOT in the last 10 years. Overall survival and freedom from reoperation are excellent, indicating the adequacy of surgical decision-making criteria. With this strategy, the anatomically aligned LVOT was achieved in 20 (71.4%, ASO, n = 12; Nikaidoh, n = 8) of 28 patients. The decision on early ASO and LVOT resection vs late repair was mainly influenced by the complexity of the LVOTO, for which the newly developed LVOT complexity score reasonably predicted the subsequent procedures. Among the patients who underwent late repair, the LVOT complexity score also reasonably correlated with the decision between late ASO and LVOT resection vs the Nikaidoh procedure. The coronary artery arrangement was of prime importance in the decision-making between the Nikaidoh procedure and the Rastelli operation, and the complexity of LVOTO had minimal importance in this particular decisionmaking process. The presence of abnormal chordal attachment in LVOT precluded biventricular repair in 2 patients. 
Mechanism of LVOTO and validation of LVOT complexity score
The echocardiographic analysis showed that the majority (71%) of the patients had two or three mechanisms of LVOTO. The most common mechanism was the posterior deviation of the infundibular septum (57%), which is consistent with other the pathological [12] and clinical studies [7] . PV dysplasia/hypoplasia accounted for 20% of the primary mechanism of LVOTO, which likely precluded ASO. VIF was commonly present (54%) in this population, but rarely caused significant LVOTO. Other mechanisms such as fibromuscular ridge, tissue tags and abnormal chordal attachments were rare, but tended to cause significant LVOTO if present. Although the number of LVOTO mechanism was not related to the subsequent procedures or clinical outcomes, the newly developed LVOT complexity score, which reflects the overall complexity of LVOTO, predicted subsequent procedures to some extent. Most of the patients with an LVOT complexity score <2 successful underwent ASO and LVOT muscle resection (Fig. 4) . Also, the LVOT complexity score >3 predicted late repair and likely non-ASO repair. Eleven (40%) of the 28 patients had an LVOT complexity score between 2 and 3 and underwent various procedures, where the score failed to predict subsequent procedures. A major limitation of this scoring system is that a patient with single severe LVOTO mechanism and those with multiple mild LVOTO mechanisms may end up having a similar score. Therefore, patients with single but important LVOTO mechanisms, such as abnormal chordal attachment or dysplastic PV, had a low LVOT complexity score, but underwent non-ASO repair. Obviously, we have to validate this scoring system with a large cohort in a prospective manner, and the scoring system itself may need some refinement in future.
Factors associated with feasibility of Nikaidoh procedure
Our study clearly showed the prime importance of coronary artery patterns as the major determinant of the feasibility of the Nikaidoh procedure. The anterior looping of the RCA (Fig. 3) makes mobilization of the aortic root difficult and also poses a risk of significant tension on the RCA after aortic translocation. We also think that the presence of a single coronary system is a relative contraindication for the Nikaidoh procedure, although we never attempted to mobilize the aortic root with such anatomy. In the largest series of the Nikaidoh procedure reported by Yeh et al., the Rastelli operation was chosen over the Nikaidoh procedure in 2 (7%) patients who had major coronary arteries crossing the RVOT, although there was no detailed coronary artery pattern described. In our series, all but one (89%) patient who had a common coronary artery pattern from two separate facing sinuses, i.e. 1LCx-2R or 1L-2RCx, underwent the Nikaidoh procedure without any coronary artery issues. One patient who had the left anterior descending artery running very close to the aortic root, which made mobilization of the aortic root extremely difficult (Fig. 3) . Those situations also pose a significant risk of coronary artery injury at the time of future conduit exchange. Of note, other anatomical factors of LVOTO did not preclude the Nikaidoh procedure, except abnormal chordal attachment, which in fact precluded any type of biventricular repair.
Hazekamp et al. [12] analysed 21 specimens with TGA/VSD/ LVOTO, which aimed to propose the best surgical procedure applicable for each specimen. ASO and LVOT muscle resection was found to be feasible in 10 (47%) of 21 specimens. Nikaidoh or Rastelli was indicated in nine (42%) specimens, in which the authors determined that the Nikaidoh procedure could be performed in 8 of the 9 specimens. In one specimen where the Nikaidoh procedure was not a favourable option, a large aortic valve and very small LVOT in addition to the large perimembranous anterior subaortic VSD seemed to have minimal benefit in translocating the aorta over the very limited distance. Of interest, all eight specimens found to be feasible for the Nikaidoh procedure had a favourable coronary artery arrangement. Therefore, the importance of coronary artery anatomy in the decision-making process for this entity has not been discussed in the study.
Nikaidoh, Rastelli and REV: theoretically advantages and long-term outcome
A substantially high LVOT reintervention rate following the Rastelli operation has been well documented from multiple studies [3, 4, 7] . The Nikaidoh procedure theoretically offers several advantages, including both outflow tracts being more normally aligned, thereby providing better intracardiac flow dynamics. This procedure is also useful in some anatomical subgroups that have small RV, an inlet or restrictive VSD or straddling atrioventricular valves, the factors precluding Rastelli procedure. Potential disadvantages may stem from extensive mobilization of the aortic root, which may compromise coronary artery and/or aortic valve geometry. Early and mid-term results of Nikaidoh procedure are limited [7, 9, 15, 16] . The mid-term survival ranges between 92 and 100%, with the median follow-up period of 2.8-11.4 years, and none of the patients required reoperation for recurrent LVOTO during the follow-up period in those series. Late coronary artery issue or aortic insufficiency has not been reported. Although long-term data are lacking, the Nikaidoh procedure seems to be able to overcome some of the fundamental problems of LVOTO in the Rastelli operation, raising the possibility of offering a better long-term outcome for this entity. Given the high attrition rate of the Rastelli operation [3, 4] , the possibility of this procedure should be considered as a primary option to treat the patients with TGA/VSD/LVOTO who are not amenable to undergoing ASO. Nevertheless, the medium-term outcome of the Rastelli operation in the more recent era appears to be better with or without surgical modification such as aggressive resection of infundibular septum or adequate VSD enlargement [17, 18] . Of note, the REV procedure, which involves extensive resection of the infundibular septum, appeared to have a better freedom from the LVOT reintervention rate compared with the Rastelli operation [7, 19] .
Arterial switch operation with LVOT muscle resection ASO and LVOT muscle resection was achieved with reasonable freedom from LVOTO (92%) in 12 (43%) of 28 patients in this cohort. This reflects our relatively aggressive institutional bias to pursue ASO in this entity. Among the late repair group (n = 19), 3 patients were deemed to be feasible for ASO after intraoperative inspection and underwent ASO with no early LVOTO. ASO was done with the PV and LVOT z-score as low as −5.6 and −9.5, respectively. It is important to note that, in the setting of a multilevel LVOT, the accuracy of measurement of PV and LVOT size may be impaired. We, therefore, believe that the final decision regarding the operative approach should be made after inspection in the operating room. Another important finding is that all but one patient had no, or a mild degree of, PV dysplasia, although 5 (42%) patients had a bicuspid PV. In fact, no patient had a significant pressure gradient at the valvular level after ASO. One patient required subaortic fibromuscular ridge resection 16 months following initial repair. This patient's pre-ASO PV and LVOT z-score were both −1.5, and the LVOT complexity score was 2.41, which was not alarmingly high. The primary LVOTO mechanism was posterior deviation of the infundibular septum, and there was no pressure gradient through LVOT at the end of first repair. The mode of LVOTO at the second surgery appeared to be different from the primary mechanism and was clearly not from the residual lesion. Our results indicate that ASO can be done in patients with moderately small PV as long as LVOTO can be relievable with resection and as long as PV has relatively normal quality. The medium-term freedom from LVOTO (91%) was satisfactory. The possibility of ASO should be evaluated at the late repair phase with thorough intracardiac inspection. Some studies showed that the presence of LVOTO is related to late development of neoaortic insufficiency [20] , which may be related to mechanical injury due to LVOT muscle resection through PV (neoaortic valve). Nevertheless, we did not see significant neoaortic inefficiency, nor did other large clinical series [21, 22] .
Surgical options for TGA/IVS/LVOTO
The presence of LVOT is much less frequent in patients with TGA/ IVS [2, 12, 22] . Because creation of an intraventricular baffle is not feasible, this anatomy leaves limited options, i.e. ASO with LVOT muscle resection or atrial switch operation (Senning or Mustard) with subpulmonary muscle resection. Hazekamp et al. examined 10 pathological specimens with TGA/IVS/LVOTO and revealed that 9 (90%) hearts could be repaired by ASO with LVOT resection. Our experience of Mustard operation for this entity in the past showed very high early and late mortalities [23] . We only had one such heart in this series, which was treated with the Nikaidoh procedure with incision into the infundibular septum to enlarge the LVOT. The Nikaidoh procedure was originally designed and performed in patients with TGA/VSD/LVOTO [8] , and the recent study from Dr Nikaidoh's group did not include any patients with TGA/ IVS [9] . Nevertheless, the Nikaidoh procedure would be a much better surgical option than the atrial switch operation with subpulmonary muscle resection in this entity considering the subsequent postoperative anatomy and physiology. The case series from the Boston group reported 1 patient with TGA/IVS/LVOTO who was treated with this surgical technique [15] . The technique to incise into the intact infundibular septum is similar to what we do in the Ross-Konno operation [24] , which is technically quite durable. The Nikaidoh procedure should be considered as the second-best option if ASO with LVOT muscle resection appeared to be infeasible.
Study limitation
This study is limited by the small patient cohort and its retrospective nature. The decision was made based on clinical judgments rather than on the LVOT complexity score. The surgical decisionmaking process has a bias to perform ASO in our institution. The score was generated and analysed in the retrospective manner, including the following limitations: (i) subjective echo assessment, (ii) arbitrary assignment coefficient and (iii) does not include coronary arrangement.
CONCLUSIONS
A newly developed scoring system, the LVOT complexity score, is associated with the timing of early vs late repair and also with decision-making between late ASO and the Nikaidoh procedure. The coronary anatomy pattern was the primary anatomical determinant in the decision-making between the Nikaidoh procedure and the Rastelli operation. Our current decision-making strategy based on the LVOT anatomy for patients with TGA/LVOTO resulted in excellent survival and LVOT outcome. The LVOT complexity score needs refinement to improve the correlation with surgical strategy; nevertheless, the score provided our first attempt to quantify LVOT complexity.
APPENDIX. CONFERENCE DISCUSSION
Dr M. Hazekamp (Leiden, Netherlands): Especially in situations where the pulmonary valve is small and cannot be used for arterial switch, sometimes it's very difficult to decide beforehand what will be the best option -Rastelli, REV, Nikaidoh operation or univentricular palliation. And I think it's important that you tried to make a complexity score of LVOTO and get some system into it. I think that's very worthwhile for the individual surgeon. It seems that in many instances, particularly with a small and not usable pulmonary valve, Nikaidoh seems to be the best option, but I think you should not forget to mention the REV or the modified REV operation which, in the multicentre study that we did with the European Congenital Heart Surgeons Association, came out as also a very good option. And while for some reason it's only used in French-speaking countries, probably for historical reasons, it merits attention because it's a good operation as well.
I agree with you fully that when the pulmonary valve is reasonably big, not too dysplastic, in almost all cases you can do an arterial switch operation with resection of the outflow tract obstruction.
I have several comments. I also agree with you that whenever the right coronary artery crosses in front of the aortic valve, then probably it's better not to do a Nikaidoh operation because you may get into big problems.
I thank you for using the Leiden classification of coronary anatomy, but maybe in your manuscript you should change it slightly, because when you talk about a right coronary crossing over the RVOT towards the right, you name it, for example, 1LR-2CX, but it should be 1RL-2CX, because you have the observer in the facing sinus and he looks anticlockwise. Then the first one you encounter you should name first. So maybe you should correct that in the manuscript. Furthermore, in your manuscript you describe one patient who received arterial switch with relief or resection of LVOT obstruction with the pulmonary valve z-score of minus 5.6. And that's, for me, a little bit difficult to believe, so maybe you can comment on that. That's the first question.
You also describe in your manuscript that this complexity score has one weak point and that's something you didn't mention here but I think it's very important to name it, because if you have, for example, mal-attachment of the tension apparatus of the mitral valve, you have only one point in the complexity score because everything else can be okay, but you are unable to do biventricular repair, so you go to the worst side of surgery. Opposed to that, you may have a patient with points on the pulmonary valve, on the septum, etc, etc, but still you can go for biventricular repair. So that must be addressed. So these were the two questions, pulmonary valve z-score minus 5.6 and this limitation of the complexity score.
Dr Kotani: Regarding your first question, that patient had a very small pulmonary valve measured at about z-score minus 5 on preoperative echo. Sometimes it's difficult to exactly measure the pulmonary valve in the setting of complex LVOTO. In fact, in the OR, the pulmonary valve was a reasonable size with a z-score of minus 2, which allowed us to proceed with the switch operation.
For the second question, I totally agree with your comment regarding the limitations of this scoring system. The patient with mild multi-level obstruction, and the patient with one significant single-level obstruction could end up with the same score, so I think we need to refine the complexity score. 
